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ABSTRACT 
Anterior tibia l skin of 12-day chi ck embryos was grown in or ()'a n cu lture in the absence 
a nd presence of serum and in Vitamin A to achi eve vary ing degrees of cornifica t ion and 
mucous metaplasia. Morphogenes is was correlated wi th ongo ing lipogenesis as assessed by 
s hort term in vitro incorporation studies with C 14 acetate . Shifts in the pa tterns of lipogen-
esis simi lar to those previou ly descr ibed d uri ng embryoni c d ifferentiat ion of chick skin 
suggest that organ cu lture prov ides a use fu l a n d re levant model for studi es of the bioc hem -
ical even ts in differentiation. Results further indicated tha t t he non-spec ifi c li poge ni c ef-
fects of serum on cu lt ured skin may be dis tinguished from the cha nges in the in t rins ic lipid 
pathways of differentiating ep id ermis . 
In previous stud ies we have shown tha t t he pa t -
terns of lipid metabolism are a ltered durin g d if-
ferentiation a nd cornifi cat ion of the epiderm is in 
embryonic life (1). While li p id metabolis m repre -
sents on ly one fa cet of the biochemical events 
tha t must occur during ep idermal diffe rentia t ion, 
it may be pivotal with respect to the rol e of en -
dogenous fue ls and synthes is of in t ra ce ll u la r 
membrane and other cellular s t ructures . Further 
definition of the intermediate metabolism of dif-
ferentiating epiderm is requires a more r igid ly 
controlled model than is afforded by the devel-
oping embryo. Orga n culture provides such a 
model in which the environmen t , a va ilabi li ty of 
fuels , hormonal inriuences a nd humora l growth 
factors may be s tr ingently contro ll ed while the 
int eractions in the t issue and expression of its 
genetic information are a llowed to proceed. 
Organ cul ture of embryonic chicken skin has 
been employed to define the requirements for 
epidermal morphogenesis since the early work of 
Fell and Mellanby (2) . Various manipulations 
such as the addit ion of serum and ce rtain amino 
acids to chemica lly defined media have been 
shown to induce cornification whil e Vitamin A 
induces mucous metaplasia (3, 4) . Despite its 
suitab ili ty for this purpose li ttle has been done on 
the intermediate metabolism of differentiation in 
cultured s kin . 
In the present studies, vary ing degrees of differ-
ent iation were induced in organ cultures of em -
bryonic chicken skin by manipulation of the cul -
ture medium . The morphological findings were 
correlated with end ogenous patterns of lipoge n-
esis assessed by short-term incubations of cu l-
tured skin with C" acetate in vitro. T he results of 
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these experimen ts were compa red to previ ous 
findings in developing skin of the e mbryo (1) in 
order to dete rmine whether orga n culture of s kin 
provides a va li d mod el for s tudi es of t he meta-
bolic bas is of differentia t ion. 
METHODS 
Organ culture of em bryonic skin. Whole anterior 
tibial skin from 12-day chick embryos was t rimmed free 
of underlying tissues. An explant measuring 2 :-. 4 mm 
was cut from each piece of tibial skin . Three or -1 ex-
plants were placed on small squares of rayon netting 
supported on a stainless steel grid in small glass cups. 
In all cases the exp lants from each embryo's tibias were 
paired in 2 separate vessels either for duplica te deter-
minations or for paired comparison of 2 experimental 
v<niables. Sufficient culture medium (about 2.0 ml ) was 
added to permit the rayon netting to rest on the grid and 
the explants to remain at the liquid-gas inte rphase. The 
paired vessels, were placed on fil ter paper moistened 
with saline in petri dishes. Cultures were incubated in 
steel Mac Into h jars under 75%N,/20%0 ,/5%CO, at 
38 ° C at mospheri c pressure. Twelve to 18 embryos were 
used in each experiment . 
T he basic cul ture medium was Waymouth's medium 
(MB 752/1) buffered with 0.22% Na HCO,, and suppl e-
mented with 100 11g streptomycin. JOO u. peni cillin. and 
2 mg ascorbic acid per ml. Other additions included 
10% ga mmaglobu lin -free newborn calf serum and Vi -
tamin A alcohol 1.5 11g/ml. pH was adjusted as neces-
sary to 7 .4. Sufficient medium for each experim ent was 
prepared in single batches, sterilized by passage through 
millipore fil te rs, frozen in 20 ml aliquots, and thawed 
just prior to use. Cul tures were maintained for 6 days. 
Medium wa changed every 48 hours. 
Isotope incorpora t ion .. At the end of the period of 
organ culture, the pieces of tissue, adherent to the sup-
porting raft, were removed and rinsed 3 times in Ty-
rode 's solut ion buffered with 0.22% NaHCO, . They 
were then placed in closed incubation "ials containing 
1.0 ml of buffered Tyrode's solution, 2.0 mg dext rose. I 
11-c C " acetate, 100 11g streptomycin and 100 u. peni cillin 
and incubated as previously described (1). 
Analy sis. Following incubation, tissues were rinsed in 
saline, gently removed from the rayon rafts and placed 
in 6.0 ml chloroform -methanol (l: 1). ln some experi -
ments the epidermis was separated from the dermis 
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afte r fl oat ing the ra fts on sa line at 50° C for l min. E x-
traction of tota l lipids, neut ra l lipids. a nd se pa rat ion of 
triglyce rides, free s te rols and s te rol -wax esters was car-
ried out by methods desc ribed previously ( 1). Radioac-
tivity of various lipid fract ions were assessed by liquid 
sc inti llat ion count ing (1 ). 
P rote in con tent of the defatted t issue res id ues was 
est imated by the method of Low ry (!j). 
Histology. One piece of t issue from each cul ture dish 
was processed for li ght microscopy at t he end of the cul -
tu re period . T issues were fi xed in Zenker 's soluti on or 
buffered forma lin a nd sta in ed with hematoxy lin -eosin, 
and a lcian blue. All sec ti ons were exa min ed for birefrin -
gence under pola ri zed light . 
RESU LTS 
Morphological changes . ln a ll med ia, ex pla nts 
rema ined viable as judged by increase in ce ll 
numbe rs, mitotic activi ty a nd cy tologic cha racte r-
is ti cs. There was no s igni ficant outg rowt h or epi -
de rma l cells, a nd the ex pla nts rema ined fl at a nd 
a dh erent to the rayon netting. 
In Way mouth 's medium, ex pla nts ma in ta ined 
for 6 days achieved some degree of differentia t ion 
beyond t he 12-day stage as has been prev iously 
re ported (4) . At 12 days, prior to ex plantation the 
e mbryoni c epiderm is had a colu mna r basa l laye r 
with 2 or 3 interm ediate ce ll s a nd a s ingle ce ll 
pe ri derma l layer. Aller 6 days of cul t ure t he basa l 
laye r re mained more colu mnar tha n cuboida l with 
occasiona l mitotic fi gures . A squamous laye r, 4- 6 
ce lls in depth developed with some tendency to 
tl attenin g of the uppermost cell s . Occasiona lly 
there was a well -developed subperidermal layer, 
as described by Wesse ls, consist ing of la rge po ly-
gonal ce lls con ta ining pale nuclei with chromatin 
di spersed towa rds t he periphery a nd a dis t inct ly 
gra nula r cytop las m. The peride rm was bi laye red 
and perid erma l gra nules were conspicuous in t he 
seconda ry periderm. There we re foca l a reas where 
th e periderm had degenera ted into a homogenous, 
eosinophili c ribbon -like me mb ra ne (Fig. 1). Bire-
frin ge nce was presen t onl y in the subperidermal 
cells . Differenti a ti on in genera l, corresponded to 
day 14- 16 in uivo . 
Expla nts ma inta ined in medium supple mented 
wit h 10% ca lf serum were examined seri a ll y . After 
2 days in culture the basa l laye r remained co-
lumna r with occas iona l mi totic fi gures. The sq ua-
m ous layer was 2- 4 ce ll s in de pth a nd t here was 
fl att eni ng of the upper layer with spotty areas 
where cells we re beginnin g to undergo co rnifi ca-
t ion. The subperiderm was di st inct with la rge 
ce lls, most of wh ich had only a pale shadow where 
t he nucleus should have been. The periderm was 
bilaye red a nd conta ined peridermal gra nules (F ig. 
2). T here was some birefrin gence. The degree of' 
development corresponped to day 15- 16 and in 
genera l was just s li gh tly more ad vanced t ha n tha t 
achieved in Way mout h's a lone. After 4 days in 
cul t ure the basa l layer was mostly cubo ida l, mi -
totic fi gures were ra re. The upper cells of the 
squa mous laye r we re fl attened a nd a dist inct 
FIG . 1. 12-day chi ck embryo skin cu ltured for G days 
in Way mouth 's med ium (H and E). 
FIG. 2. 12-day chi ck embryo skin cul tured for 2 days 
in Way mouth 's med ium with 10% se rum (Hand E) . 
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cornif ied laye r had developed . T he subperiderm 
was full y cornifi ed a nd t he primary a nd sec-
ondary periderm was degenerating a nd s loughing 
off (Fig. 3). Birefrin ge nce was more d istinct. At 6 
days, t he ep id ermis was full y differen t iated wi th 
a w ell-deve loped , hi ghly b irefrin ge n t stratum cor-
neum with occasiona l para keratotic cells . T he 
pe riderm was mostly absen t wi t h occasiona l pyk-
noti c nuclei vis ibl e (Fig. 4). At thi s stage the epi -
de rmis corresponded to day 18- 20 in vivo. 
Expla nts cul t ure d in vita min A showed t he 
cha r a cte rist ic mucous meta plas ia desc ribed by 
Fell et al. (3). The epidermis was t hinned to 2-3 
ce lls wi t h a lcia n blue-pos it ive droplets in ma ny 
cells. There was no distin ct peri de rm a nd no cor-
ni f ica t ion (Fig. 5). 
Biochemical changes. T a ble I shows a repre-
sen tative ex perimen t on expla nts cul t ured for 6 
days in the absence or presence of 10% ca lf serum 
and t h en incubated wi t h C 14 acetate . 
Incorporation of c•·• acetate into lipids was 
markedl y greater in full y co rn ifi ed expla nts ( 
serum) t ha n in pa rt ia lly different iated ones ( -
serufD). This was due a lmost ent irely to a n in -
crease in t he neut ra l lipid fraction. The rela ti ve 
distribut ion of coun ts in t he major lipid fractions 
sh owed t hat the in crease was a refl ection of in -
creases in both t ri glyce rides a nd sterol-wax esters . 
It m ay be a rgued that the a bove cha nges in 
whole skin refl ect 1) cha nges in the relative qua n-
FIG. 3. 4 days of cul ture tn Waymouth's medium 
1 with 10% serum (H and E) . 
FIG. 4. 6 days of cul ture 111 Waymouth's medium 
wi th 10% serum (H and E). 
FtG. 5. 6 days of cu lture in Waymouth's med ium 
wi th 20% serum plus Vi tam in A (alcian Blue). 
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tities of epide rmis and dermis or 2) cha nges in 
de rma l rather than epiderma l meta bolis m. For 
t hi s reason in subsequen t expe riments the epi -
dermis was exam ined sepa ra tely. 
For a more deta il ed exa mination of t he sequen-
t ia l cha nges in lipogenes is, skin was cul tured for 
2, 4 a nd 6 days in 10% serum prior to in. vitro 
incubat ions with C 1 ' acetate. At the termination 
of incubation, the e pidermis was separated from 
the dermis a nd ep id erma l lipids exa mined . Table 
II dep icts the mean va lue for 4 culture dishes con-
ta ining 3 expla nts each at each time point. Al -
though differentiat ion progressed durin g t he 3 
time poin ts t here was littl e cha nge in counts in 
tota l li pids. However at 2 days, when different ia-
t ion had barely progressed beyond that seen in 
Waymouth 's m ed iu m alone onl y 73% of t he li p id 
TABLE T 
Lipogenesis in cu.ltured skin 
Paired ex plants of a nte rior sha nk skin cul tured in 
Waymouth 's medium +1- 10% ca lf serum for 6 days. 
Incubations of cul tured ex plan ts with 1 1-< Ci C" aceta te 
(see text) . Results in tota l lipids (T.L.) a nd neutra l 
lipids (N. L. ) ex pressed as cpm/mg prot. Distribution or 
counts in free sterol, triglycerides (T.G.) a nd sterol-wax 
este rs (S WE) expressed as % of sum of coun ts in a ll 3 
lipids fract ions. 
cprn / mJ.! prot Di~lribulinn of Exp. Serum J.J g prot / COLIIHS : t·; No. cxp lnnt 
T . l •. N.L Strrol T.G. SWE 
1 - 129.6 10,760 6,350 45.0 42.5 12.5 
+ 144.8 24 ,800 20,830 15.3 65. 1 19.6 
2 - 149.6 7,100 4,500 41.0 45 .2 13.8 
174.4 22,300 16,500 18.5 62 .9 18.6 
3 - 137.6 5,200 3,400 47.7 43.1 9.2 
149.6 15,400 13,200 27.3 60.2 .1 2.:3 
4 - 150.4 6,800 4,600 50.0 37.4 12.5 
+ 180.0 16,200 11,340 25.8 55 . I 19. I 
TABLE [] 
Lipogenesis in skin cultured in serum 
Exp lants cu ltu red in Way mouth 's medium with 10% 
ca lf serum for 2, 4, a nd 6 days. Exp la n ts incubated in 
buffered Tyrodes with 1 pCi C" acetate. Epiderm is sep-
a rated a fter heat in g to 50° C (see text). Results for tota l 
li pids (T.L.) a nd neutral lipids (N.L.) ex pressed as 
cpm/ mg protein. Dist ribution of sterol, tri glyce rides 
(T.G.) and sterol-wax es te rs (S WE) ex pre ·sed as % of 
the sum of counts in a ll 3 li pid fractions . 
Duys in c pm / mg prot D ist rihut ion of cnu nt!-i: r•; 
cultu re T .L. N. l .. Sterol T .G. SWE 
2 24,000 17,500 35.5 40.5 24.0 
4 31,800 29,600 23.7 55.9 20.3 
6 28,300 25,800 20. I 44.6 35.2 
counts in neutral lipids was simila r to t hat seen 
in t issues cultured in t he absence of serum (Table 
I). The proportion of neutral lipid coun ts in -
creased to 92% as cornification progressed (day 4) 
a nd the increase refl ected an in crease in the pro-
portion of t riglycerides while free ste rol s dec lined. 
Thereafter when the exp la nts were fully cornified 
(day 6) wi t hout fur t her change in the proportion 
of neutral lipids, there was a relative increase in 
the proportion of ste rol-wax esters. 
Effects of se rum on lipids in t issue cul tu re have 
been described in both orga n a nd cell cultures (6). 
T o dete rmine whether the effects which we ob-
tained were due to non-s pecifi c acc umulations of 
lipids promoted by se rum or linked to the stage of 
differentiation, t issues were grown in serum with 
and wi t hout Vitamin A. To insure stability of the 
Vitamin A, 20% se rum was utili zed . Moreover. 
control media were suppl emented wi th 1 11l abso-
lu te a lcohol (Table III) . Despite t he marked d if-
ference between a mul t ilayered cornified epithe-
lium a nd a 2- 3 ce ll mucous sec reting epi theliu m, 
there was no rea l difference in the total li pid 
counts per mg prote in or in the proportion of 
counts in neut ral lipids wh ich ranged from 79 to 
99% of t he tota l lipid counts. In exp lants grown 
only in se rum the dist ribut ion of counts in tri-
glycerides and ste rols, a nd ste rol-wax esters was 
somewhat different from previous experi men ts 
poss ibly due to the presence of a lcohol or the 
hi gher concentration of serum. In ex pla nts un -
dergoing mucous metaplas ia however, t here was a 
ma rked dec line in coun ts in tr iglyce rides and 
sterol-wax esters a nd mo t of the C ~-~ acetate was 
in corporated in to free sterols. 
DI SCUS ION 
In previous studies it was demonstrated that 
patterns of li pogenesis a re a ltered as the em-
TABLE Ill 
Lipogenesis in skin cultured in vitamin A 
Pa ired expla nts were cultured for 6 days in Way-
mouth 's medium conta ining 20% calf se rum . Control 
med ium ( - ) conta ined l 1-11 a bsolute a lcohol/ ml and 
exper im enta l medium ( + ) conta ined 1.5 1-1gm Vitamin A 
a lcohol dissolved in 1 1-1! absolu te a lcohol/ mi. Explants 
were in cubated with 1-1C i C •·• acetate as described in 
text. Results ex pressed as in Ta bles I and 11. 
Viln - c pm/ mg prot Distri hut inn of Exp. IJ~ prot / cou nt s: c; 
No. min exp lant A T.L. N.L. Sterol T.G . S\\'E 
1 - 196.3 6,300 5,100 40.6 35 .5 23.7 
+ 163.8 7,100 7,000 88.6 9.0 2.2 
2 - 78.5 6,900 5,400 38.7 37 .0 24.1 
+ 108.9 6,300 5,000 85.7 10.7 3.5 
3 - 109.8 6,600 5,800 43.3 41.6 15.0 
+ l03.0 7,100 5,900 83.6 13.1 3.2 
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bryonic chi cken s kin di ffe ren t iates a nd co rnifi es 
(1). It was shown tha t cornifi cation was accompa-
nied by a relative dec rease in phos pholipids whil e 
neutral lipids increased, and t ha t this shift was 
prima ril y due to increases in the relat ive p ropor-
tions of sterol a nd wax este rs. 
In the present studi es simila r a lte rat ions were 
observed in li poge nes is in kin which dif"fe renti -
ated in organ cul t ure rather t ha n in e mbryo. Thus 
in cultured skin , exp la nts which cornified showed 
a relative increase in the inco rporation of C 1 "1 ace-
tate into neutra l lipids when compared wit h ex-
plants in wh ich differentiation was a rrested prior 
to cornification. As in embryoni c different ia ti on. 
there was an increase in t he s te rol-wax ester frac -
tion. The findin gs suggest that the in vitro model 
is a r easonab ly close replica of the in vivo process 
and is suitabl e for d eta il ed exa mina ti on of meta-
boli c events durin g diffe ren t iat ion . 
However, t here we re two diffe rences in t he li po-
genic patterns of cul tured skin from those ob-
served previous ly in the e mb ryo: 1) co rnifi ca tion 
1 in vitro was acco mpa nied by a n increase in li po-
genesis wh ile in vivo it declined a nd 2) in vitru. 
proportions of tr iglycerid es as well as ste rol-wax 
esters increased whil e in vivo, only the latte r 
lipids were enha nced . 
As noted above , serum is kn own to have li po-
genic effects on tissues in ce ll a nd orga n cul t ure. 
The lipid which accumul ates in the presence of 
se rum is pred omin a ntl y t ri glyce rid e whi ch is 
sequeste red in membrane-bound droplets. The 
accumulation of t ri glyce rid es is promoted by t he 
prese nce of the free fatty ac ids bound to a lbumin 
in serum (7). Other lipid fractions, proteins a nd 
undefined factors may a lso inrluence cellula r lipid 
metabo li m. Nonetheless, t he influx of fatty ac ids 
may stimulate the setting for esterifi cation in cu i-
• tured cells. This in turn could be re l1ect ed in 
enhanced incorporation of fatty ac ids newl y syn-
thes ized from or e longated with C 1 "1 acetate. 
The question ra ised there fore i whether the 
chan ges in lipogenes is in cul t m e are due to meta-
bolic concom ita nts of d ifferentiation or to non-
spec ifi c effec ts of the in vitro syste m. 
Some light is shed on this quest ion by observa-
tio n of se ria l cha nges during cornifi ation in the 
presence of serum a nd of the skin unde rgo ing 
mucous metaplas ia in the presence of Vita min A. 
In t he prese nce of se rum , overa ll li poge nes is was 
relative ly cons tant at a ll stages of differentiat ion 
while neutra l lipids did not increase until diffe r-
entiation had progressed to a full y commi tted 
stage and t he shift towa rds ste rol-wax este rs was 
delayed un t il cornifi ca ti on was well estab li shed . 
When differen tiation was in the direction of mu-
cous metap lasia rather t ha n cornifi cation, there 
was still a shift towards neutral lipids. but both 
triglyce rides a nd ste rol-wax este rs were ma rked ]~, 
red u ced whil e ste ro l sy nthes is was enha nced. 
These findin gs suppo rt t he view that, whil e e rum 
may stimulate lipid synthes is, t he pa tterns of li -
pogenes is rel1 ect t he in t rinsic metaboli c pathways 
of t he t issue at various tages of differentiation. 
The differences between t he in vitro system 
and t he in vivo process may ref1ect a combination 
of t he effects of t he ava il ab il ity of substrate a nd 
t he metaboli c setting of t he tissue. P revious ob-
servations suggest that in vivo there is an overa ll 
decline in lipid syn thes is as t he t issue cornifi es 
a nd at t he sa me time the re is a reorientat ion of 
lipoge ni c patterns in which ava ilab le substrates 
a re diverted to formation of ste rol-wax esters. In 
vwo the substrate ava ila ble to cornifying cells 
may be la rgely limi ted to endogenous stores and 
may derive from hydrolysis of t he lipid co mpo-
nen ts of in t racellula r me mbra nes. In orga n cul -
ture no such limi tation need be ope rat ive. T he 
fatty ac ids a nd ste rols in se rum ca n free ly cross 
ce llula r me mbra nes a nd thus be ava ila ble fo r bio-
syn thet ic events. In cornify ing epi t helia t here 
may be a heightened setting for synt hes is of non-
polar li pid esters which in the presence of unlim -
ited substrate a llows for the for ma ti on of t r iglyc-
erid es was well as s te rol-wax este rs . D ifferent ia-
t ion to a sec retory epithe lium producing mucus. 
on the other ha nd , may be atte nded by enhanced 
synthes is of sterols for me mbrane production a nd 
a ttenuation of the synt hes is as we ll as este rifi ca-
t ion of fatty acids in neut ra l lipid este rs. 
Whil e such a hy pothes is is consonant wit h a 
correla tion between cornifi cation and li pogenic 
patterns, it leaves unanswered t he question of 
whet her the inducti on of cornifi cat ion by se rum 
in vitro can be asc ribed s imply to t he ava ila bility 
of sui ta ble lipogeni c substrates. T he answer to 
thi s questi on must await the development of 
mode ls in whi ch cornifi cat ion is achi eved in 
chemica lly defined media. 
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